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We, E. I. Do foirr DE Nemours Anh 
Company^ a corporation organized and exist- 
ing under tiie laws of the State of Delaware^ 
United States of America, of Wilmington 98, 
State of Delaware, United States of America, 
do hereby declare the invention, for which. 
We pray that a patent may be granted to 
us, and the method by which it is to be 
performed, to be particularly described in and 
by the followmg statement: — 

This* invention is concerned with improv- 
ing the high-temperature service character- 
istics of iron, cobalt, nickel, copper, molyb^ 
denum, tungsten and rheniimi, and alloys of 
these metals with each other and with other 
metals having an oxide which is stable up 
to 300" C and has a free energy of formation 

F) at 27" C of from 30 to 70 kilocalories 
per gram atom of oxygen (kcaL/gm. at O). 
The improvement is accomplished by incor- 
porating in the metal very small particles of 
a refractory metal oxide. 

According to the present invention we 
provide a coinpositicn comprising a metallic 
component which is iron, cobalt, nickel, cop- 
per, molybdenum, tungsten or rhenium, or an 
alloy of two cr more of these metals or of 
one CT more of these metals with one more 
ether metals having an oxide which is stable 
up to 300** C and has a free energy of 
formation at 27** C of from 30 to 70 kcsiL 
per gram atom of oxyged, the metallic com- 
ponent having uniformly dispersed therein 
particles, having an average dimension of 5 
to 1000 millimicrons, of a re&actory metal 
oxide having a free energy of formation at 
J.000** C above 60 kilocalories per gram atom 

oxygen and having a melting point above 
1000** Q the composition having ^ surface 



area less than 10 square meters per gram 
and the average size df the grains of the 
metal being iess than 10 noicrons. Prefer- 
ably the compositionis h&v^ an apparent den- 
sity which is from 99 to 100% of the 
al»olute density. 

According to a further aspect of the in* 
vention we provide a process for producing 
a metalliferous composition which comprises 
(s) feringiiig an oxygen-containing compound 
of iron, cOoaltj nickel, copper, molybdenum, 
timgsten or rheiiittm, or a mixture of oxygen- 
containing compounds of two or more of 
these metals or of one or more of these metals 
with one or more other metals having an 
oxide which has a free energy of formation of 
27*' C of from 30 to 70 kilocalories per gram 
atom of oxygen, into intimate contact, with 
substantially discrete, submicron sized particles 
of a metal-oxygen c<nnpound which is, or 
when heated to constant weight at 1500* C 
is converted to a refractory oxide having a 
melting point above 1090** C, a free energy 
of formation at 1000** C above 60 kilogram 
calories per gram .atom of oxygen, and an 
average particle size of from 5 to lOOO milli- 
microns, preferably 5 to 600 millimicrons (b) 
thereafter reducing the oxygen-containing 
compound of the metal to the corresponding 
metal while maintaining a temperature 
throagjhout the mass below the sintering tcfm- 
perature of the metal, and (c> sintering the 
reduced product, at a temperature below the 
melting point of the metal, until its surface 
area is less than 10 mVg. To make the 
solid metal products of the invention the 
sintered product is compacted until its den- 
sity is from 99 to 100% <rf the theoretical 
density. 
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^^^V" y.^^ process includes the 

Steps of muang snbstantially instantansously, 

5 ?oS5^.v"^' 'baii''^. said 

l^S,-^?^*? foxing FosiS 

attd negatively charged icDs, (b) L 

15 mi^; ^iJ^ of 5 to 600 i^- 

25 1° at " '^l' ^terval which 

hrjiff?- cf the total time used 

-t£^^^- dispersions and sohitions 

or a hydrocarbon ^ manoadc, 

W<n^?f ,^«=o™Fanying drawings, 

50 FiguK 3 ^ T^w*? particles, and 

elusion oHtrSi^^'^^/'-^^^^ J-"^ 

^^tanperatures. ObSg^^SLt- 
<i^ee of dispersion has been a cr<Ai=^ iT^ 
ever, and it has net hi too^ w'^LZ^ 



desired dispereions. Unless a complerdv 
hcffiogeneous dispersion is achieved none of 
^properties of the n:etal are improve^ aiS 
sciBS are, m faa degraded. 



T J . Filler 70 

to descrjbmg this invention the disc-rsed 

•^i''^''^^ ^^^^^^^ ^ 
»w I • - does not mean 

taat it IS an inert extender or diluent- radia 

It nonessential constituent which coStribuS 75 
u^lged Froperdes to the metallifS 

« V^flJr-'y fon-fcducible oxide is selected 
as the filler— that is, an oxide which is not 
reduced to rfie conesponding meS^ by hl<b^ go 

gen,orbydieiEstalkwhiAitisembSSd 
at temp^tnres below 900' C. S^h K 

C cf*n,?" f^^^'^ti*^^ « lOM' 

^am atcns of oxygen in Ae oride. -Kl 85 
^rDMlaie tajde can be used as a starting 
^c-^J' "v*^ ^° during ™f 

^Th! fin^ "^-^^^^ hereinafter described. 

Ihe fiUer cai^ for example, be derived from 
hydroades, carbonates, estates, IS S on 
general, cqnipounds which, by h^dng to co^ 

fS^^Vf ^^.r C Smd to 
re&acttry metal oxides. The ultimat- oxid^ 

Tl\^^ point abSr^lW c 

^^Sr'^S?l"°SP«intm this rang;' M 
IS referred to as "refra=tcry"— that ii 

to fuse. If the finer Wi&^ Self 5 
suiter at lower temperanires, tfaev beconw 

f ^'^^ carbonates, sudi as Bam 
"Sn «^ - 
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atania, magnesli^iafiua, and the rare eardi 
osideS) idduding tboria. A typical group 



of suitaSk oxides, and their free energies 
of fcncaticn is shovm in the following taUe: 
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The filler oxide must be in a finely divided 
state. The substantially discrete particles 
should have an average dimension in the size 
range frcm 5 to ICCO millimicrons, an espe- 
cially preferred range being from 5 to 250 
millimicrolis, with a minimum of 10 milli- 
microns being even more preferred. 

The particles should be dense and an- 
hydrous for best results, but it will be under- 
stood that ag^egates of smaller particles can 
be used, provided that xht discrete parades 
of aggregate arc within the abovcmsntioned 
dixcendons. Particles which are substandaDy 
spheroidal cr cubical in shape are also pre- 
ferred, although anisotropic particles such as 
fibers or platelets can be used fcx special 
effects. Anisotropic particles produce metal 
c<mipositloiis of lower ductility, however, and 
in liiozz instances where ductility is desired, 
35 pardcles approaching isotropic form are 
preferred. 

When the size of a particle is given in 
terms cf a single figure, this refers to an 
average dimension. For spherical particles 
this presents no problem, but with anisotropic 
particles the size is considered to be one third 
of the sum of the three particle dimensions. 
For example, a fiber of asbestos might be 
500 millimicrons Icng but only 10 millimicrons 
TOdc and thick. The slzz of this particle 

500+10+10 
would be cr 173 millimicrons. 



and hence within the limits of this invention. 

Colloidal metal oxide aquasols are useful 
as a source cf fillers in die desired finely 

50 divided form. For example, silica aquasols are 
suitable as starting materials. Zirconia sols 
are likewise usefuL The art is familiar with 
titania sols and beryllia and such sols can be 
used to advantage. 

55 Powders prepared by burniiig metal 
chlorides, as, for example, by burning silicon 
tetrachloride, titanium tetrachloride, or zirco- 
nium tetrachlolide to produce a correspondmg 
oxide, are also very useful if the oxides are 

60 obtained primarily as discrete, individual par- 
ticles, or aggregated structures T^ch can be 
dispersed to sudi pardcles. However, because 
colloidal metal oxide aquasols already contain 



particles in the most desirable size range 
and state of subdivision, these are preferred 65 
starling materials for use as a filler. 

Formation of the Filler Particles 

IN SITU 

Instead of starting with, the already-formed 
filler particles, one may form diem as <me 70 
step of the novel processes. Calcium oxide, 
for instance, is water sduble and water re- 
active; hence, one cannot form aqueous dis- 
p^dons in die colloidal state with it. In 
this instance, one can use an iiisoluble calcxmn 75 
compcund, such as the carbonate or oxalate, 
whidi, on heating, will decompose to the 
oxide. Parades df finely divided caldum 
carbcnate can be coated with a hydrous iron 
cxide by treating a dispersion of findy divided 80 
calcium carbonate with ferric nitrate and 
sodium carbonate, and on heating the pred- 
pirate and reducing, a dispersion of caldum 
o*dde in ircn is obtained. Similarly, one can 
obtain dispersicns cf barium oxide, strontium 85 
oxide, or magnesia in the metal being treated. 
" Acoiher method cf forming the discrete 
refractcry cside filler particles in situ con- 
sists in predpitating the odde in the form 
cf particles smaller than desired and thermally 90 
growing them into the desired size range in 
a matrix of a redudble compound of the 
metal to be improved, after which the reduc- 
ible compound is reduced to metal. In this 
methcd one coprecipitates the refractory oxide 95 
as xiltimate partidcs having a size less than 
5 millimicrons tcgedier with a water-insoluble, 
oxygen-containing or sulfur-containing com- 
pound of the metal to be improved, roasts the 
ccpredpitate in an oxygen-containing atmos- 100 
phere at from 400 to 1000** Q whereby the 
water-insoluble compound oi the metal is 
converted to the anhydrous metal oxide and 
the size of the ultimate refractory oxide par- 
tides is increased, continues the heating until 105 
the size of said ultimate parddes is in the 
range of 5 to lOOO nuUimicxons, and then 
reduces to metal the cadde of the metal to 
be improved. 

Still another method of forming the discrete 110 
refractory oxkie filler parades in situ involves 
a fusion technique. Such a process consists 
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?^s6ffi°Sf° precipitate it from 

^iSL'^'^''' BitrateTcJ^'SSK 

S ^ anion, rath« 

tMn jn the cation as in the chlorides TTv. 
molybdenum in this case is preSS iii^e 75 

Soric add '^^"^ » 4dro! 
caacn.^ ms^l salt to an aqueous alkaline solu- 

da] aquasol containing the filto Mrri-t. T 
an alkaU such as sOdiUiTi^S^^o !'h^^ 

NisfVW 1?rt£r^^?^- Hydroxides such as 95 
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moniuin or tetiffliethylaninQOiiium hydro3d<^ 
in the deposititm of die compoiind. As a 
result, sal^ like sodium nitiate^ flTnTnnnin Tn 
nitrate or potassium nitrate may be formed. 
These should be removed, since otherwise 
they may appear in the final product. One 
of the advaxitages of using the nitrate salts 
in com^nation with aqueous ammonia is that 
ammonium nitrate is volatile, and therefore is 
easily removed from the product. However, 
the tendency of many metals, such as cobalt, 
and nickel, particularly, to form amine com- 
plexes, is a complicating reaction in this case. 
By carefully controlling die pH during co^ 
precipitation, these side reactions can be 
avoided. 

Having essentially removed die soluble non- 
volatile salts by washing, the product is then 
dried at a temperature above lOD* C Alter- 
natively, the product can be dried, and the 
dry material suspended in water to remove 
the sclubk salts, and thereafter the product 
redried. 

Proportions of Coating and Filler 

The relative amount of osddized metal com- 
pound precipitate which is deposited with die 
filler pardcles depends on die end use to 
which the prcduct is to be put For sample, 
if the pT«iuct is to be reduced and ccmr 
pacted direcdy to a dense mass of filler metal, 
then frcm 0.5 to 10 volume per cent <rf 
filler in the metal ccmposidon is a preferred 
rang^ and 1 to 5 volume per cent is even 
more preferred. On the other hand, if the 
produa is a masterbatch, to be used, for 
example, in blending with unmodified metal 
powder before compaction, then consider- 
ably higher volume loading can be used. 

Volume loadings as high as 50%, that is, 
one volume of oxide for each volume of metal 
present, can be successfully used, but such 
products are often pyrophoric. Even heating 
to 1000** C after reduction dees not com- 
pletely eliminate this problem. Also, the filler 
particles in such products tend to coalesce to 
form large, hard aggregates during the reduc- 
tion step. This tendency can be reduced by 
increasing the particle size of the filler, say 
to 100 millimicrons or even larger. The 
problems just discussed are minimized as the 
volume leading is reduced. Alternatively, 
especially in the range cf 40 to 50 volume 
per cent of filler, the modified metal is pro- 
tected with an inert atmosphere (hydrogen, 
argon or nitrogen) until it is compacted to 
a dense mass of meiaL At 30 volume per cent 
filler loading, one can usually sinter the modi- 
fied metal mass sufficiendy that it can be 
handled in air. 

Ordinarily, in making products cf this 
invention, relatively large amounts of a 
hydrous oxygen compound of one of the 
metals, such as nickel oxide, will be precipi- 
tated with relatively small amounts of filler. 



r 

The amount cf precipitated material will vary 65 
somewhat with the particle size of the filler, and 
especially with the surface area thereof. In 
general, frcm 0.05 to 30% volume loading cf 
filler in the final metal composition is desired. 
However, with smaller filler particles, Le. those 70 
having a surface area giTeater than 200/D 
mVg, (D being the density of the filler in 
g/ml.), volume leadings of from 0.05 to 5% 
are preferred. In an especially preferred case, 
the relative amounts used are such that from 75 
0.1 to 5 volun&e per cent filler will result 
in the final metal-metal <^de composition 
after reduction. With relatively large particles 
— ^thcse, for example, in lie size range of 
about ICO milliznicrcQs — one can use volume 80 
leadings as high as 2C%. 

Reducing the Mixture Containing the 
Filler 

Having deposited the compound of metal 
in oxidized state together widi the filler par- 85 
tides and washed and dried the product, the 
nest step is to reduce die compound to the 
metaL This can be conveniendy done by 
subjecting the precipitated mass to a stream 
cf hydrcgen at a somewhat elevated tempera- 90 
ture. However, the temperature diroughout 
the entire mass must not be allowed to exceed 
the sintering temperature of the filler par- 
ticles. One way to avoid premature sinter- 
ing Is to place the product in a furnace at 95 
controlled temperature, and add hydrogen: gas 
slowly. ' Thus, the reduction reaction, will not 
proceed so rapidly that large amounts of 
heat are liberated and die temperature in 
the furnace is increased. 100 

Hydrogen to be used in the reduction can 
be diluted with an inert gas such as nitrogen 
to reduce the rate cf reaction and avoid "hot 
spots". In this way the heat of reaction will 
be carried away in the gas stream. Alterna- 105 
tively, the temperature in the furnace can 
be slowly raised into the range cf 500 to 
700^ C while maintaining a flow of hydrogen 
ever the irroduct to be reduced. 

In addition to, or instead of, hydrogen, 110 
carbcn mcnoxide can be used as the reducing 
agent, particularly at elevated temperatures, 
as well as methane or other hydrocarboii gases. 
In any case, it is important that the tem- 
perature during reduction be controlled, not 115 
only to avoid premature sintering as above- 
mentioned but also so that excessive reaction 
will not oixur between die reducible com- 
pound (such as iron, cobalt or liickel <aide) 
and the filler oxide bef<cs the reducible com- 120 
pcund is reduced. 

Reduction should be continued until the 
reducible compound is essentially completely 
reduced. _ When the reaction is nearing com- 
pletion, it is preferred to raise the tempera- 125 
ture to the range between 700 and 1300° 
C to complete the reduction reaction, but 
care must be taken not to ^ceed the melting 
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25 AfS^™*^ ^^^CED Product 
t»1^^ FKctpitate has been reduced 
rint^tTi^^'^"*^^ product k 

tor!^- ? ^^^^ " ^° ^ elevated tempera- 
tore whidi is, Wver, beloT7 the mSg 

30 KvLv hi^'^ It wiU.be reccgnizsd^f 
A. ^^y. temperatures are used durine- 
^ lednctioa step, some sinterin-^ 
sunultaaeously wSh reductioniTowe^r s"^ 
temperatures should be readied olTy S 

35 S^C. ^i^ proceeded to a coLK 

45 ?f£n^"J°L"a£^ Pyrophorlc^nd^^ 
It h^ been obserred that the temcerature 
required to obtain the desired defS^S 
tenng varies with the loading of^e fflW 
m Ae metal. In general, the hiSL^ 

50 loadmg, the higher is the sinterinT^nsS: 

r^Sj: ^ ^^"^ '^'"^S temperature 

55 ocLrio„™fl,"*^S^^'' ^P^'^S this sintering 
n^l^J^f ""X^^S point of the metal bf 
not ezceeded. Actually, it is preferr^ to 
mamtam the temoeratu^e at lea^O 4S 
grade degrees bdow the mdting point 



by subjectin^Ee product to very hidi nres- 
«b?^*,/' ^^^dinary^^temperatuS^S prS^ 65 
fSli!' l«°F=ratures equivalent to abi^t^o 
thirds cf the abrclute mdting point of A- 
metal cratmg. In some instanceL h is desk 

° temperatures just slighdf bdow 70 " 
Ae meltmg pcmt. Obviously, theToipS 
t^g sS"'^ smmltaneci with 

In order to obtain a su-oag bond betwe-n 

Smr'^hvw"*"^ composition, as, for 
t^S^-.^ hot-rdhna -extruding or shnilar 
^ ^tallurgicaJ 

Sdy. ^. *^^P^" K obtained 

i- '^'^^^'^i P'«f««Wy is ccmoacted until 
It has readied at least oo-^- ^£ .i. • , 
dcMffw c.^iT J theoretical 85 

oensity. Such products are improved not 
^y m strength, but also in oxidation reSs! 

be used at 1000= C withoKk,u7 oxSl^ 
f« aHoying with oth-r 

95 



60 When the final products of this invention 

are to oe fabricated into dense metal <*iects aJin^ "f prcanoed. In Bengal 

the entire mass of reduced metal and S' '^J^''^- ^^"^^ «»PPa anf^iS 125 
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only the modified metals above-named, but 
also these metals in combination with each 
other and with certain other metals. In the 
latter grcmp are alloys and metal products 
ccmaining metals whose oxides have a free 
energy of formation at 27'' C of from 30 
to 70 kilocalories per gram atom of oxygen, 
together with at least one metal <rf the named 
group. 

OiARACTERIZATION OF FrODUCIS 

It will be understood, of course, that in 
addition to alloys as above described, pro- 
ducts of the invention include the individual 
metals of the named group, modified with 
the dispersed refractory oxide partides." In 
the product characterizations which follow, 
descriptions will sometimes be given with par- 
ticular reference to such single-metal compo- 
sitions of the invention, but it will be apparent 
that characterizations can also be applied to 
the aUoy products. 

The filler particles present in the metal 
grains of products of this invention are uni- 
formly dispersed — that is, the partides are 
fcuiid both at the gram boundary and inside 
the grain. 

This dispersion can ht demonstrated, using 
the electron microscope and replica teclmiques 
wherein the surface of a metal piece is 
polished, etched, a carbon layer is deposited 
on the polished surface, and the metal is 
removed, as by dissolving in acid. An elec- 
tron micrograph of the remaining carbon film 
shows that the filler particles are uniformly 
distributed diroughout the metal grains. They 
are not concentrated at the boundaries to such 
an extent that they appear Hke beads on a 
string. Because of this, useful metal parts 
can be inade directly compacting the metal- 
metal oxide powders as prepwed by tibe 
invention. This eliminates the necessity of 
working in order to improve dispersion. 

By "uniformly dispersed" is meant that 
there is uniform distribution of the refractory 
oxide particles within any single selected 
microscopic region of treated metal, such 
regions being about 10 microns in diameter. 

The solid metal products of the invention 
are further characterized in that they are 
substantially free of fibering of the dispersed 
refractory oxide. This is a consequence of 
their novel process of preparation, wherein 
the oxide filler particles are precipitated homo- 
geneously with an oxygen-containing com- 
pound of the metal. Fibering is the result 
encountered with prior art products wherein 
agglomerated filler pardcles are fragmented 
during working, as by extrusion; the fragments 
show a definite and easily discernible align- 
ment. Such alignment gives a starting point appears to oe reiatea to the free energy of 
for crack propagation and ultunately leads formation of the fiUer. For thfareS^f^al! 

v^"" ?^ ^^'^ ''''^J espedally fcned compositions of the invenSffci^ 

at high temperatures. Its avoidance is a at very high temperatures, i.e.r 800- 



In products of this invention, the filler is 
not fibered, i.e., is not present in stringers. 
The filler is uiiiformly dispersed throughout 
the metal matrix. For example, if one exa- 
mines an extruded rod, the distribution of 
filler in transverse and longitudinal planes is 
essentiaUy the same. This is illustrated m 
Figures 3 and 4 <f the drawings^ wherein the 
dots 3 represent the filler particles, die plain 
areas 4 within the frame representing the 
metal. 

The^ filler particles in compositions of the 
mvention must be in the size range below 
1000 mUlimicrcns, and should be from 5 to 
250 millimicrons. Still more preferably they 
should be from 10 to 250 millimicrons. The 
latter class is particularly preferred, since the 
10 millimicron particles are considerably more 
difficult to coagulate or gel, and thus easier 
to mamtain in a disposed state during the 
p»rcoesses of this invention, than smaller par- 
ticles. Products containing filler particles in 
the size range of from 10 to 150 millimicrons 
can be readily produced according to pro- 
cesses of this inventim from colloidal aqua- 
sols. Although very small particles can be 
used, these arc difficult to handle because 
they sinter easily when dried and gel easily 
m Uqydi phases. Moreover, very small par- 
ades are extremely reactive. Five millimicron 
particles can be used, but 10 millimicron par- 
tides are easier to use. 

In describing products of this invention 
an oxide filler particle is defined as a single 
cohereiit mass of cxldz surrounded by metal 
and separated from other oxide mass by metal. 
The partides may be aggregates of smaller 
ultmsate units, which are joined together to 
form a structure. 

Tlie particles of the filler in compositions 
<^ the invention are substantially completely 
sinrounded by a rcetal coating yvhich main- 
tarns tiiem separate and discrete. The par- 
ades are thus isolated, and do not come 
m contact one with another; thus, coalescence 
and sintering of the filler material is 
inhibited. 

Metal compositions in which the filler is 
thoria, a rare eartii oxide, or a mixture of 
oxides of the rare earth elements of the 
lanthanum and actinium series, magnesium 
oxide, or, to a lesser extern, calcium silicate, 
appear to have exceptional stability in elevated- 
temperature, long-continued tests such as stress 
rupture and creep tests. These materials 
mamtam their properties to a considerably 
greater extent than metals filled widi silica, 
for example, even when the initial hardness 
obtained during the processing operation is 
similar. The reason for this improvement 
appears to be related to the free energy ' 
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ICOO Q comprise a diq)ersi<ai, in a metal, 
s-iected from group abcva-named, cf cxide 
pamdes havmg a sire in the range 5 to 250 

^ oxide m the dispersion having a 
ire. energy of fonnation at 1000° C rsr 
gram atom cf osygen atom in the oxide, of 
nOfc^ ^ preferably more dian 

th.^f^^i'^'^^?.^eWy efficient filler for 
those metal compositions which do not need 
to be heated above 600 to 700° C durine 
prcocssmg <a: use. In the case of Jron-molvl^ 
dsnmn cr nickel-molybdemim afloys, tempera- 
15 tnrss as high at 1300° C or sli^dy 

are ofosn encountered during processing In 
Aese cases, only the very itable oxSfs aS 
effective as fillers, i.e., thoK with a voy hiS 
20 «^=tfy of fonnation, such as the r^ 
20 earth oxides or calcia. (For fcce e^gy of 
formation data, see, for example, Smi&H's 
^t'^K^^^ 2nd E^d^ Vdnme 

York, ^1^^^^^^^^°^ Publishers. Inc., New 

25 ^ The compositions cf one aspect of the 
mvent^a ccmpriss; a continuous phase cf a 
, ^ f''*"? consisting of the metals 
g-eviously namad. containing dispersed therein 
the non-reducible oxide filler, "niat the metal 
30 « essentially the continuous Fhase^iTte 
d^oastrated by compacting the reduced mass, 
smte^mg, and measuring conductivity. The 
c^duttivity of the metal is csseiitiiUy un- 
35 ^ presence of the oxide, if the 

metal is jaesent as a continuous phase If 
on the other hand. Ae metal is di^ersed a^* 
^e ox.de IS ihe contmuous phase, conductivity 
will be -drastically reduced. 

prepared directly, the products of 
4U the mvennon are uniform dispersions of filler 
pmiclw m metals By miifoim is meant that 
the oxide IS distributed essentially homogea- 
ecusly throughout the metal, anl the^^ 
IS present mside the grains as well as at 
45 the gram boundaries. Specifically, if one 
^mmes an eIa»on micrograph prepared by 
Je carbon replka technique,^ ok ^ fiS 
that the ratio of the concentration of oxide 
50 ^f^$^ along the grains to the concentratica 
fL*^'*=.i^,?'^ samples is less dian 10:1 
?5?,SFsaficaUy m the range from 0.1:1 to 
iclt ™* Srains in the compositions 

. cf the mvention are so small that gram boun- 
daries are difficult to find. 
55 Sudi a measurement can be made as fol- 
lows: Prepare a micrograph by the carbrai 
replica method, and select m aiea typical of 
gram bcniMJaries. Measure an aria along 

w IS the numerical average particle size, and 2 
D wide on either side of the grain, ie an 
^eaof40piy. Count all thf^afti^ 
this areaj let this number be N,. Measure 
anotiier irarMcntative area 20 D on each 

«5 side, preferably inade a grain, and at a 



distance at least 2 D away from any grain 
bcurdary, i.c., an area 400 D- which is a 
1?"^It ^1 particles in this area, 

N,. N./N, wiU be in the range of 0.1:1 
J?-l ^P*" products of the invention. 70 
The gram si2e of the products of this in- 
vention is smaU, even after high-temperamrc 
treatment Thus, the gram size of a pre- 
ferred composition of the invention, namelv 
a 2% dispersion cf 100 millimicrons ThO 75 

^^^^ "^"^^ ^ ^ ^ 10 microns 
evji after snneahng at a temperature which 
K above the recrystallization temperature of 
tbe rndcel, i.e., annealing at 1200° C In 

general, such annealmg can be done in vacuum 80 
at a temperature in degress absolute of 075 
tones themelong pomt of die metal for five 
hours. The gtain size described below is 
measured after such an anneaUng treatment 
rr.^^ '^J'' determined by usual' 85 
metanurgical procedures of poh'shing/etchine 
and csammation of the etched surf^e fff 
hgat microscope, at a magnification, for 
sample, of 500 times. FcfSialler grl^ 

^-^f.«^ f"*^- <^ be examined witii 
c~^°^ microscope, e.g., at 500O rimes. 
AtSf ^^P"^?"*"^ chemical 
5*^?"^ »o« readily pre- 

electrolytic etching 95 
or thermal vacuum etchmg. Such technique! 
are ccmmorfy used in die metals industt^ 
^d one skilled in the art wiU te^bll^o 

rnMSj^^^'lf"^ techniques which are 
pubtehed m metallurgical literature. 100 

Ktformg again to die drawings, Figure 1 
«JL ^^^^S showing what one s^ in 
^nl^^-JST'^^^^P^ °f ^ '"fiUed metal 
fn^^~ • 2 ^ relatively Iar« 

^ilTt 7°"^ " well-defined grain bonl- 105 
tows I. In amarast, on a similar photo- 
mictograph of a thcria-fiUed TtL 
«UDe met^ 4e grains are extremely ^1] 

tiafl^ ^! " - invention, substan- 

toUy ^ of ±e grams are smaller tiian 10 
S'^J? understood tiut the 

^ will vary m size, some being larger 115 
Aan die average and odiers smaller. In ^ 
products of the invention, at least 90% of 

I., • ^ ™crons are preferred, while 120 
those havmg an average size smallw than 
2 microns are stiU more preferr«i. S 
g««^^as gram size decreases, yield strengdi 

Even at a grain size of 10 microns vield 125 

ff? w**^ invention is at least 6000 
p.sa. better tiian die corresponding produce 
contammg no filler. i'n'uuwis 

Compositions of dris invention are espe- 130 
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cially useful for STOcatioii into components 
which must n:aintain dimensional stabSity 
undsr heavy stress at high tempsratures^ such 
a:» turbine blades. 
5 The invention will be better understood by 
r^fftence to the follcwing illustrative 
examples. 

Example i 
A solution of ferric nicrate was prepared 

10 by dissolving 500 grams of ferric nitrate 
hydrate in water and diluting this to 1 liter. 
A commercial silica sol, prepared according 
to Example 3 of Eechtold and Scyder U.S. 
Patent 2,5'74,<>D24 c<»ntaining substantially dis- 

15 Crete particles having an avenigtJ diaiSeteif 
of about 17 miUimicronSj having an SiOsJ 
Na 6 weight ratio of about 90 : 1, and taiown 
as **I.iidQx'' HS, was lised as the source of 
the filler piaierial. A 1.7-gram pordoii 6f 

20 ihis colloidal aquasol (30% SiO:) was diluted 
to 1 liter. Tc a heel containing 1 liter of 
water at rc-cm temperature the solution of 
ferric nitrate* the diluted "Ludos" solution, 
and 5 ^} ammonium hydroxide w^ire added as 

25 separate solutions simultaneously, and at uni- 
form rates whild maiiitainiiig vejy vlg<^ous 
agitation. A coating of ferric hydro^de was 
thus deposited aroimd the silica pardcles. The 
resulting mixture was filtered, and washed to 

30 remove the ammonium nitrate. The filter 
cake was dried in an oven at llO** C to 
remove substantially all of the water. 

The product obtained was compacted into 
a puroiis billet and placed in an oven at a 

35 temperature of 450" C. Hydrcgeii was slowly 
passed over the billet at such a rate that 
sufljcient hydrogen was added tv> the ferric 
oxide to reduce it in a period cf four hours. 
The flow cf hydrogen was maintained at a 

40 steady, uniform rate during this reduction 
procedure for eight hours. Thereafter, the 
temperature was raised to 500** C while main- 
taining the flow of pure, dry hydrogen at 
the same rate, and finally the temperature 

45 was raijid tc 7C0" C and the flow of dry 
hydrogen was increased twenty-fold, to com- 
plete the reduction. The resulting product 
waj compressed in a one-inch die at 450° 
C and 20 tons per square inch and finally 

50 extruded throuch a die to form a wire, using 
an area reduction ratio of 10:1. 

The iron powder obtained is useful in 
powder metallurgical applicauons, for the 
fabrication of iron parts. Such parts are useful 

55 at temperatures below about 600** C, 

Example 2 
A solution of nickel nitrate was prepared 
by dissolving 4362 grams of nickel nitrate 
hydrate Ni(NO;;):;.6H.O in water and diluting 
60 this to 5 liters. A thoria sol, stabilized with 
a trace of nitric acid, contaiiling substan- 
tially discrete particles having an average dia- 
meter of about 5 to 10 noilliinicrons^ was used 
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as the source of the filler material. A 28.8- 
gram portion of this colloidd aquasol (26% 65 
xa^Js) was diluted to S liters. To a bed 
containing S liters <tf water at rocnn tempera-' 
ture, the solution of nickel nitrate, the diluted 
thoria sol, and ammonium hydroxide-ammo- 
nium carbonate solution were added as s^arate 70 
soludcns simultaneously, and at uniform rates, 
while maintaining very vigorous agitation. 
Diiring the precipitadon, the pH in the re- 
actor was aairitained at 7.5. A precipitate 
cf nickel bydroKid&-c«1r1jonate Was -dius de- 75 
posited with the thoria particles. The result- 
ing mixture was filtered, and washed to re- 
mcve the ammonium nitrate. The filter cake 
was dried in an overi at 300** C. 

Tfie product obtained was pulverized with 80 
a hammer-mill to pass 325 mesh, placed in 
an oven, and heated to a temperature of 500"* 
C. Hydrogen was slowly passed over the 
pcwdei* it siich & rate that sufficient hydrogen 
was added to th^ nickel oxide to reduce it 85 
in a period of four hours. The flow of 
hydrogen was maintained at a steady, uniforms 
rate during this reducdom procedure for ei^t 
hours. Thereafter, the temperature was raised 
to 700'' C and the flow of dry, pure hydrogen 90 
was greatly increased, and finally the tem- 
perature was raised to 750** C to complete 
the reductiOd. 'The resuldng product was 
compressed in a 0fle4«idi die at 20 tons per 
square inch, sintered in dry hydrogen by 
slowly increasing the i^'perature to 1200*^ 
C over a period of six hours in order to 
reduce the last traces of nickel oxide and 
further deiJsify the green ccmpact, machined 
to three-fourth-inch diameter, and finally 100 
extruded difoiigh a die to form a rod three- 
sixteenth-inch diameter. 

The resulting nickel,^ modified with 1 
volume per cent thoria, is an example of a 
product of the invention. After annealing at 105 
1200** C, it had a yield strength (0.2% offset), 
measured at 1500"* F, of 15,000 p.s.i. 

TTie yield strength of a nickel specimen 
made in a similar way, but excluding the 
thoria, was 2,800 p.s.i. at 1500"* F. Thus, 110 
the improvement in yield strength at 1500^* 
F is greater than a factor of 5. The elonga- 
tion at 1500° F of tile nickel-thoria sample 
was 10%, whereas it was 14% for unfilled 
nickel. Thus, the elongation decreased by 115 
only 28%. 

The grains in the resultiiig nickel-thoria 
rod, even after annealing for five hours at 
1200'^ C in pure argon were about 5 microns 
in average size. 120 

Electron micrographs were prepared by 
replica technique cS the thoria &<m> the 
polished sur£ace of this Ni-ThO* product. It 
was evident from these micrographs that the 
thoria was homogeneously distributed in the 125 
metal matrix. By this is meant that, if an 
area of about 10 square microns was examined, 
and the ntunber of particles, in this area 
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<i««™io«4. ^ea the numbar of Farrides in 
^ apprradiEately equal (+ about 
^7o) to the nmnbsr of particles found in an 
etectton micrograpli taken of soma other area 
in tlie sample. The ihotia particles were 
actually mside the metal grain, as well as 
at the gram bonddaries. However, there is 
no ccncentratioa of partides at said grain 



15 



20 



25 



30 



35 



40 



45 



50 



55 



«0 



«5 



The electron micrographs were crepared as 
follows : A three^siaeentii-inch rod cl nicfatl 
contaunng dispersed thcria was cut and tihe 
cross swaion was electropdished. The electro- 
pohshtd surface was cleaned and dried ia 
ethyl alcohol. The samples were then placed 
m a h^h vacuum evapcrator and a vacnnm 
of 10 ' mm. of % was reached. At this 
time two carbon rods were farcught together 
withm die evaporator and current applied 
mnl sputtermg cccuired. A very liin fflm 
°^ P^tma. was deposited upon the electro- 
poJi^ed smfece as the sputtering oscurrei 

lie caibai-oovered, ekctrc-polidied sur- 
tac& was saibed into cns-sixteeadi-inch 
squares with the use of a sharp cutting blade 
Isea the sanqde was placed in a culture 
dKh craitammg a 2% solution cf nitric acid 
^ a few se^^ids the carbon squares weie 
feed from the suifece of die msal by 
^emical etchmg. They floated to the surface 
of_ the SQhmon, were picked up on electron 
ffli;^=ope screens (250-mesh S/S wire), and 
wewed m the electron microscope, 

Tbt solmioii of nitric acid was used to 
f^^A^t «^l'°a.>=euse the add would 
atta^ the base metal and net da any damaes 
to lie (Bade, or the carbon. ^ 
All samples were lAotcgraphed in die dec- 
i:«oT^f ^^looJw magnification of 

Ifsafa ^^J/^^^ ^ r«pectiv=ly. Prints 
at 3,U**J X were made from th- 1 250 X 
negative and at 20,000 X from die 5.000 
X negative. The presence of thermal etch- 

Examinadon cf the structure ehowed that 

ttere was no preferred orientation cf die 

thoria in the ejorusion direction. Specificallv. 

electron micrographic examinadon in dlre^I 

tions longitudmal and transverse tc the cxtnl- 

sicn durecnon were essentially identical in 

appearance. TTius, on- could not determine 

^^1.1?^*^^°^°^ «f micrographs 
wladi had bs^ the direction of earuS 

Afle elevated-temperature strengdi of the 
mateoal of this esampl- Tvas many times 
greater than a conroarable sample <f nictal 
ccntemmg no thona. A particulariy out- 
s^dmg aspa^ of die high^pcratu^ pro- 
perties of this material was die feet that 
these properties were ahncst ammletdy un- 
gf'l^oo y « temperatures eiceed- 

mg 900 C fctt periods of time lanein"- 
greater ±an 100 hours. This is in sft 
contrast to the iastaWliQr cf predpitation- 
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hardened or age-hardentd conventional alloys. 

Example 3 
A piocedure similar tc that of Ejample 2 
was employed to prepare a composition com- 
priang 3 vedume per cent cf mixed rare 
eardi oades in cobalt The mixed oxides 
were mMrporated into die cobalt in the form 
of a coJoidal aquasol prepared by the re- 
acarai cf ammonia widi the chloride salK 

The source of the mixed rare eanh oxide 
was didymium oxide, which is a cerium-free 
mature of lighter rare earth metal oxides 
and which usually contains about 40 to 50"; 

35 to 40'A Nd,0„ about 8 to 
15% Fr,,0„, about 3 to 8% Sm.O, and 
atcut 0 to A% cf various other rare earth 
csides including yttrium oxide. The didym- 
lum cxide sol was obtained by peprizing cal- 
cined didynnum oxilate in dilute HNO, Pre- 
cipitation, filtration, washine, drvirje, and 
reduction were carried cut as in Esample 1, 
S^oS^C."^' ^«'l"=tion tcmp^ature 

T^e modified ccbalt-didymium oxide 
powder f reduced in diis example is a pro- 90 
duct o. the mventicn. The powder ccniists 
panicles widi a plurality of 
It J milhmicron rare earth oxide particles dis- 
persea tiircughout tile cobalt. Tie cobalt 
powder particles were, on the average, 100 95 
microns in size. The powder had a surface 
area of less than 0.1 mYg and an oxygen 
ccni^ «dusive of the rare earth oxides, of 
w.i3,o. It was a nott-pyroiAoric mass, ie, 
on exposure to air it did not oxidize cr heit 100 
up and, after bemg exposed to air at room 

S'S^g^ '"^^ 

The powder was fabricated into a metal rod 
by a>mrscting add extrusion. After anneal- 105 

^1!?^^"^' *i "00° Q die size of the 
metal grams was about 3 microns Th- dis- 
persion of rare eanh oxide particles was-uni- 
lomr, i.e., there u'as no evidence of fiberine 
dke^-^*^* " extrusiof 110 

(nSo* K?n ^2y, ^"^s^/are eardi oxides 
J^^"» Nd,0-, Pr«0„ and Sm-O,) cad be 
mcCTporattd into iron or nickel." Such com- 
posmcns are useful by diemselves, or for 
romng, by powder metallurgy, these modified 
^tak with unmodified me?is inchiding 
Q>, Ni, Cu, Mo, and W. 
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Example 4 
This example is simOar to Example 2 

^ "^"^ T^O. waf used,' 

*us producmg a mckel powder containing 10 

r»^^'^''if='''T^°- todmcase,riie|iS 
stages of the reducricn and smt^g were 
earned out at 950" C. 

The nickel-dioria powder so produced is 
Zr^^K"^- ^ P«f«red product <rftfae 
mvamon. It is an aggregate; sttuctuie coa- 
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sisting cf porous metal parades about 100 
microns in size. These particles are a non- 
dusting, don-pyrophoric powder, suitable for 
use in powder-metallurgical applications. The 

5 aggregate structure consists of a plurality of 
discrete, colloidal thcria particles entrapped 
or dispersed in a network of nickel nietal. 
Because of the presence of the thoria in this 
aggregate;, the grains in the nickel are extrcmly 

10 small, of the order of 1 micron^ or even 
smaller. 

The powder had a surface area of 2.4 mV 
g, and an oxygen analysis, exclusive of the 
thoria, cf 0.5%. 

15 The powder was used to prepare a metal 
product by extrusion of a three-fourth-inch 
billet to cne-fourih-inch at about 22C0'' F 
extrusion tercperature. This metal rod had 
a Rockwell A hardness of 65, After anneal- 

20 ing fcT one hour at 1200"* C in vacuum^ 
the hardness was unchanged. 

The IGO-hour stress-ruprore life of a test 
specimen mad; from this rod was 7,000 p.si. 
at 1800" F. It had a yield streogdi at 0.2 ^r. 

25 offset cf 16,000 p.si. at 1800° F, whereas 
control nickel with no thoria had a yield 
strength of 1,300 p.s.i. at 1800"* F. Elonga- 
tion cf the nickel-thoria sample was 3% and 
for the control, 14%. The per cent donga- 

30 tion of the niclcel-thoria was thus about 20% 
of that for nickel without thoria. 

Example 5 
This example is similar to Example 2, 
except that a product of 2 vdume per cent 
35 thoria in nickel was produced. 

The resultixSg product was a pulverulent 
powder. This powder consisted oif a matrix 
of nidcel particles having a size in the range 
of 100 to 200 microns 3irou§h which a plu- 
40 rality of 50 millimicron HiO? particles were 
imiformly dispersed. The powder had a sur- 
face area of 1 mVg, and a bulk density of 
1.9 e/cc. 

This powder was pressed to a billet having 
45 a density of 4.8 g/ml. The billet wa3 sin- 
tered in hydrcgcn. The temperature during 
sintering was raised ever a period of twelve 
hours to 1200"* C Temperature was held 
for six hours. 
50 In addition to fine grain size, absence of 
fibering, retention of hardness on anneal, high 
tensile and yield strength (about eight-fc^ 
improvement over control nickel at bodi 1500** 
and 1800* F), the wrought product was 
55 characterized by improved oxidation resis- 
tance. 

Specifically the oxidation rate, as measured 
by weight gain per unit surface area on 
heating in air at 2200"* F is about equivalent 
60 to the rate of oxidadon of unmodified nickel 
at 1500" F. In fact, the oxidatioii rate of 
the nickel-thoria is about equal to the oxida- 
tion rate of wrou^it Nichrome (registered 
Trade Mark) (80 M-20 Cr). 



Example 6 65 
This examine describes an iron-nidtel com- 
posid<»i containing 5% thoria by volume dis- 
persed therein, the thoria initially being in 
the form of colloidal partides 5 to 10 milli- 
microns in size. 70 

The rector used to prepare the deposit 
cf ircn-nickel hydrous oxycarbonate on the 
colloidal oxide fiUer consisted of a stainless- 
steel tank with a conical bottom. The bot- 
tom cf the tank was attached to stainless-steel 75 
piping, to which were attached duree inlet 
pipes through Ts, this circulating line then 
passed through a centrifugal pump of 20 gpm 
capacity, and from the Pimap the line was 
returned to the tank. Imtially, the tank was 80 
charged with 2 gallons of water. Equal 
vclmnes of three solutions containing the 
desired quantities of reagents were then added 
into the middle of the Sowing stream through 
ons-eighth-inch diameter tubing attached to 85 
the T tubes. Hiese solutions were added at 
unifcrm equivalerit rates over a period of 
about one-half hour. Through, the first T 
was added a solution of iron nitrate-nickel 
nitrate prepared by dissolving 2190 grams 90 
Fe(NO0,.9il:O and 169 grams Ni(NO^).. 
€HzO in water and diluting to 3.7 liters. 
Tbrcugji the second T was added 3.7 liters 
cf 33 molar (NH^)jCOa and through the third 
3.7 liters of thoria sol made by diluting 60 95 
grains of 36% ThO* aquasdl with water. The 
thoria aquasol was higMy fluid and contained 
5 to 10 millimicron particles. 
_ The solutions were added into the reactor 
simultaneously while the pinnp was in opera- 100 
tion. The rate of addition was controlled uni- 
formly by flow meters. The pH of the solu- 
tion in tile tank tos taken at frequent time 
intervals to iiisure proper operating, the final 
pH being 7.7. The slurry was drculated 105 
for a few minutes after the addition of the 
reagents had been completed, and then the 
solution was pumped into a filter. The pre- 
cipitate was filtered and wadied with water, 
and dried at a temperature of about 300** 110 
C for twenty-four hours. 

Tlais product was then pulverized by grind- 
ing in a hanomermill, and screened to pass 325 
mesh. 

The product was then placed in a furnace 115 
at a temperature of about 100* C, and a 
mixture of argon and hydrogen was slowly 
passed over the dried powder. This gas stream 
was carefully^ &eed of oxygen and dried. Hie 
temperature in the fumsu:e was sk>wly raised 120 
ever a period of an hour. The flow of 
hydrogen was then gradually increased and 
the temperature in the furnace also, until a 
temperamre of 600' C was reached, where- 
upon a large excess of hydrogen was passed 125 
ever die sample in order to complete the 
reduction. Finally, the temperature was raised 
to 9S0^ Q while continuing to pass hydrogen 
over the sample. In this way, an irozl-nickel 
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pswder- containing 5 volume vet cent iharia. 
was produced. This powder had a surface 
area less than 1 n^/gf 
Tfcs powder was ceofed t& room tempera- 
3 ture bsfore air was admitted int» die reduc- 
tion chamber. The pcwda amsisted cf a 
pluiahty of 70 millhnicroa tharia particles 
diMjerssd mufonnly in a nicfcel-iron mairix 
10 Z?^P°'^F»«i<='"^spjlvernIent;they 
10 were about 100 microns in me. Thoria h^ 
a meltmg pomt greater dian 2800" C and 
fiergy of formation at 1CC0° C of 
PSf gram atom of cxj^en. 
The <mrgai analysis of flus powder, exdu- 
13 sive of the thana -was less than 0.01 'i;:. The 
pcwder was not pyrophoric 

The bulk dmsity of die powder was 2 5 
g/oc. The gram size of die metal averaged 
20- °^«.]«s-tl»a°:2-micrcn raflge. This gSia 

iTo)- C.°" ^' « 

Example 7 

This example describes a cobalt-nickel com- 
position modified widi 2.5 volume per cent 
■uiaim, said oomposition bemg useful in pr-- 
janng an improved high temperature aDoy 

The preparation fcOowed die geiieral 
detaUs as cutimed m Example 6, excTpt 
30 ^ s^urions coiSisisd 

«f : (a) 1125 grams CoCNO,),.6H.O and 2470 
grams Ni(NO,),.6H.O in 5 liters hA (b) 
^I'L^ containing 36.4% solld^ 

S^frA* H- (c) 190O grams 

to eoo C and antering in hydrogen for one- 
half hour at 850° C. ' &'=*^ one- 

r,;.!?/'' r?'^^'' ^~^25 mesh) of modified 
n cl«I-cobalt was then useful for blending with 
«» ether metal powders. ^-^"s 

• TH' P°^«^='' consisted of a matrix of cobalt- 
nicKel alloy dirough which 100 millimicron 
t-joria particles were uniformly dispersed Th- 
powder had a surface area of 1.8 m-/e' Th- 
«5 ciiygza content cf die powder, esclilw <rf 
the dicria, was O.I'.-;.. The powder was not 
pyrcphonc. "CThen exposed to air at room 
temperature, its oxygen conttait remained 
esrentially unchanged. w-om^u 



die sodima content was below 0.1% on die 
sohds, and then lie material was dried, and 
reduced at 700° C and sintered at 13CX)° C 
in pure, dry hydrogen until the csygen con- 
tent cf the reduced metal, exclusive of ThO-. 
was less dian 0.1%. The resulting metd 
powder ccntainmg 10 volume per cent ThO- 
filler, in die form of colloidal sired particles," 
was useful for preparing improved nicfe^ 
molybdenum, ifbn all6j«-. 

Tht powder had a surface area of 1 mVg, 
4 buH. density of 2.3 g/cc and contahiel 
U.4 b jKygen m eiaess of diat present in 
di5 oxide filler. 

The metal gr^ in die powder were less 
dian 2 microns m size. This graifl size did 
not change oil annealing at llOO" C. 

Example 9 

i9 .P.» cent tiibria In . 

an 85% nMfcI-15% mdlybdenum alloy was 
F^pared as fcflows: To a heel cf 5 liters of 
sduucn contaming 303 grams of Na.MoO,. 85 
Sf- 5 liters of sclutioi 

ccntammg 3370 grams Ni(NO,X..6H.O, (b) 
51ite8 cf dicna aquasol (containing 98 grams 
14 0 as 10 imBimicron particles), and (c) 
^5 ters of 20% NaOH. The' final S 90 

washed, dried, and 
reduced as m Example 8. » 
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Example 8 
A mcdifiid iron, molybdenum, nicfed allov 
was prcparsd directly, as follows: Feed solu- 

and 322 grams Fe(NO,)3.9H.O m 5 lit^ 
55 of solution (b) 1980 gSms THO, coS 
(6.11",.. sohds in die form of 5 to 10 milli- 
micron particles) diluted to 5 litersL and fc) 
4 hters of 5 molar NaOH were add^ simiS- 
tauecusly, and separately, to a heel of 5 
60 hters of solutwii containmg 757 arams of 
Na.Mo0..2H,0. The pH <l fi^WurS 

The precipitate was washed repeatedly until 



. Example 10 

^p-^parwd from didymnun chloride, whiA i« 
a cmim-free mixture cf lighter rait Srth 

«t 3 voxome per cent of diese oxides in iron 

«t^vd mto cne-fourdi-inch reds, as m 
rarher iXamples, a modified iron hkving a 
^eld strengtii of 11,000 p.s.i. at 15^^ F 
A^^^- ^«^"'Si<^ lamination of 
^idf^f^ ^'^ ^^""^^^ "re earth 105 

,K uniformly dispersed as a co£ 

of the filler m the final iron product was 
m die range of about 55 milHmicrons. 

EXAilPLE 11 no 
This example describes a product of die 
mvennoa m which a fibrous £11^ al^iiS 

The fibrous alumina was prepared by auto- 

To a colloidal solution containmo^ 1 8 «-am«i I9n 
AlA. two additional solutionH^e aS 

ot FeCOH,) ^as formed m whidi colloid^ 
fibers of alumina ^wc cmbeddedr 125 
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This precipi^Jfcs washed by centrifugmg 
the precipitate and reslurryidg: it in water 
several times. The resulting cake was dried 
and ground to pass 150 mesh. 

The powder was subjected to a stream 
of hydrcgen, while the temperature was slowly 
laised to 979*" C The resulting sintered 
iron powder con rained 20 volume per cent 
Al- Og. This powder was then compacted to 
a dense mass of metal. The metal grains in 
the compact were less than 1 micron in 
size. 

£%/U«PLE 12 

A sample of Ni-36% Al-O, by volume was 
prepared from the following solutions: (a) 
3053 grams Ni(N0,X.6H..O disrclved in 
water and diluted to 5 liters with distilled 
water, (b) 1589 grams of 8.9% alumma sol 
containing 25 millimicron discrste, spherical 
alumina particles diluted to 5 liters with 
distilled water, and (c) 4.5 liters cf 25% 
(NH,):CX>., solution. Tliese solutions were 
added to 5 liters distilled H^O over a period 
cf forty-two minutes, during which die pH 
was maiiiTained at 7.4 to 7.0. At completion 
cf the purification, the cake was washed four 
times widi 3-liter portions of distilled water. 
This wet cake was dried overnight at 240*" 
C, yielding 978 grams. This dried cake was 
then heated for two hours at 450** C, yield- 
ing 813 grams product which was micro* 
pul\'erized —100 mesh. 

The micropulverized material prepared 
above was reduced at 1100** C for nineteen 
hours. The dew point of the eflBucnt hydro- 
gen was —50** C. The yield was 504 grams of 
product. This corresponds to an over-all yield 
of 82.8% based on 10 moles Ni, 142 grams 
AI,03. 

Example 13 

Using the procedure of Example 2, and sub- 
stimting a rare earth oxide aquasol for the 
ThOs aquasol, a pulverulent metal powder 
containing 2 volume per cent rare earth oxide 
in nickel was produced. 

The powder had a surface area of 0.9 
mVg and a bulk density of 1.77 grams/ml. 
When cold pressed at 30 tsi, a green billet of 
5 g/mL was produced. This sreen billet was 
smtered in vacuum at 1200** C, and extruded 
at a reduction in area of 16: 1. 

This extruded rod had a yield strength at 
1800^ F of 10,000 p.s.i. and an elonga- 
tion of 25%. All the nickel grains in the 
produa were less thrui 10 microns in size, 
even after annealing at 1100"* C. 

Example 14 
This example describes a nickel-alumina 
powder prepared from 100 millhnicron AliO, 
particles. 

The apparatus used in preparing the gamma 
alumina aquasol consisted of a burner having 
a small central orifice, an annular opening 
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surrounding the centta^mfice, and a series of 
small holes in a ring surrounding the other 
openings. These outer holes were conneaed to 
a supply of oxygen and illuminating gas and 
angled such that a cone of flames cou:d pro- 
ject beyond the central openings. The annular 
openmg was connected to a source of dry 
nitrogen which was used as a gas shield to 
protect the gases issuing from the central 
orifice from the reaction products of the flame, 
until those gases had moved significantly be- 
.yond the end of the burner and into the 
fiame zone. The central orifice was connected 
to a container holding anhydrous aluminum 
chloride and through which was passed dry 
nitrogen as a carrier gas. The aluminum 
chloride container was heated in a vertical 
tube furnace while all odier tubes, indud- 
tng^ the burner nozz!e» were hea^d in a 
horizomal tube furnace. Thus, the aluminum 
chloride was maintained at 190 to 210* C to 
maintain a flow of 30 to 50 grams per hour of 
alumintmi chloride and the tubes carrying this 
gas to the nozzle were heated to about 250** 
C to prevent any condensation of the chloride. 

Since the hydrolysis reaction is extremely 
r^id, die nitrogen shield was insufficient to 
prevent build-up of alumina at the burner 
nozzle. Consequentiy, an oscillating spatula 
was employed to sweep die alumina build-up 
off the orifice. To increase the contact time 
of the alumina in the flame, a 21 cm. glass 
tube (31 mm. inside diameta:) was placed just 
beyond the nozzde and coaxial with it to 
increase the length of the flame. The alumina 
particles were collected directiy in water by 
impinging die fiame on a rotating glass cylin- 
der cooled internally with flowing water and 
wet on the surface by partially submerging it 
in a glass tray containing water. The colloidal 
particles, therefore, collected in the water 
in the tray. 

Tlie maximum flame temperature was 
assumed to be 1800 to 1900** C and the total 
contact time in the flame was 0.02 to 0.05 
second. Oxygen and illuminating gas were 
each used at a rate of 3.3 liters per minute. 
Slizelding nitrogen was used at a rate of 250 
mL per minute, and nitrogen was passed 
through die aluminum chloride at 300 ml. per 
minute. 

The alumina slurry collected in the glass 
tray also contained a considerable concentra- 
tion of hydrochloric acid causing the alumina 
to coagulate and setde out. Thus, most of 
the acid was removable by decantation. On 
diluting with water, the alumina peptized. 

Tlie specific surface area of the dried pro- 
duct was 12 m-/g; tliis corresponds to Al^Oa 
particles which are about 120 millimicrons* in 
diameter. An electron micrograph of the par- 
ticles^ show that they are discrete spheres. 

Using an aqua«ol pr" ared in this mamier 
as the source of filler, a nickel-30 volume per 
cent alununa was prepared. The procedure was 
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ff of Example 4, substituting the 
alumma sol for the thoria. 



EZAAIFIE 15 
A iucfcl-30% copper alloy, containing 2 
*^ prepared, follow- 

soltmons : (a) 5 liters of metal nit^te cra- 

10 gf^°?>^-?KA (b) 5 liters of saturatS 

10 pOH^)^ ^'Ifoa. and (c) 5 Kters of thoria 
sol ccmtajning 2.8% solids. 

Example 16 
A nicfcel-zirconia powder, containin<T 3 
15 r^"™^ "^Wa was prepared ^ing 

l» the preapitation technique of Example 2 The 
arcoma aquasd used for this laner prepara- 
tion contained ZrO, particles which fbout 
10 millimicrons m diameter. The zirconia 

30 water of 1.4. It was prepared fay autocl/vins 
lj^9^ 2rOQ^O,% soliSion at 200» C m! 

\^ter. The mckd oade zircoma composition 

. EXAMI>LE 17 
A Co-Ni-W powder containing 6">;. thoria 
was prepared as foUo^vs: A reactor riiK 
30 • « Example 2 was used. The reactor was 
30 imtoUy charged with 2 gallons of ^^f1^ 
iT^^ were then 

a^ed as foUows: (a) 2040 giams CofNO,)! 

di^oW m water and diluted to 5 hW f c) 
fSwP^ °' aquasol, containing 63 % 

sohds and navmg 5 to 10 millimicron tot 
oidd ThO, p^cles, dfluted to J IftS Sd 
«> S Jo^Tt^^. (NH,>^:o, solution 'dflu- 
wt,^*^ solutions were added simultaneously 
!TJv P"'"^ operation. The rate of 

addition was controlled by flow meters and 
45 l„ mtroduced into a 

2on. of extreme turbulence. Tlie precipitate 
Wd was filtered, washed, dried and pul- 
verized to —325 mesh. ^ 

<,^I^o.^-°'^^ ^ reduced with hydro- 
gen as m Esample 2. The final leduaira 
50 temperature was 1075' G The 

rhOj-contammg metal powder vras found bv 
analysis to contain OJ02% oxygen in escess of 
that present as thoria. 

In this example, a commerdafly available 
f* ^ used as the source of the filler 
«f f J^^ consisted of a stainless 

steal c^der widi a conical bottom, fitted with 
connecQons whereby fluid could be pumped 
60 from the bottom of the reactor thr^h a 
1/2 pipeline and back to the reaaor. Feed 



solutions couia'be introduced into die system 
grough thiee separate T-tubes in t£ cSS 

The feed soluuons consisted of fa) 1 Uter fi5 
of ammoninn molybdate, (NH,;,Mo-a,4H O 

mTTrn'of "J^""' by'di^solvhlg 

nH rf mdybdate m water, adjusting thi 
«5 JJ «°centrated hydrochloric acid, 
and adding 7.5 g. of N.H.JI.Q in order to 70 

W ^ 1 l«er of aqueous ammonia contain- 
f ^'^^ 7.63 grams of 

a coUoidal silica sol (30'-.: SiO.rNa.O 90 
sihca particles 17m«, sph^ical aid discrete' 75 
? '^r^^^ m Example 3 oTS- ^ 
told and Snyd«U.S. Patent 2,574,902) dilu- 
^f,;? ? These feed solutions were intro- 
duced into die reaaor (containing 1 liter of 

r«f 50 tT}'°^K ^■•'^ separately, at t 80 
™* fi°al slurry was about 8 

nn rt!: ?f?=^P^^« molybdenum hydro.vids 
on the ffllica pamdes was recoTcred by filtra^ 
uc« Md washing. The product ^.^s JriS at 85 
^™ *- proauct was reduced at 550" 
S i°. " slow stream of hydrogen in a period 
5 hours. The reduction was'^containued for 
^n^^^ " The product was a 

molybdenuni powder contaming 10 volmne on 
P««nt of findy divided siUca dis^^d ^ 
aereuL Upon compacting to above 90-' of 
tih^tical density a solid^metallic ^rodua is 
otomed having substantially incre^d ^i^ 
tance to oxidation at high temoeratur/j^^c .^c 
^paredwitii a similar pAua^^^l * 

products are prepared using col- 
5^ squasols of tiioria, zirconia, titaSS. Si 

S i^^TV alummtS^.. 100 

rates, instead of the sihca sol. By usin<r 4 T- 
tiAes instead of 3, molybdenum comakiiJg 
^oxiaes are prepared, i.e., silica and^! 

. EXAAIPUB 19 ,|« 

tcy %.^Ti'^ ^ deposition process similar 
to Example 1, a product of 30;; /"by volume^ 
^irconia ,n molybdenum w:^s produced Se2 
feed solutions were us.d: fa) 862 g AlocV 
Z;aJ: ^^"^ cf ZrO. std (25 3- nn 

7 molar Tsjw -t-u * ' ?^ ^ 
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EXAAIPLE 20 

with connections whereby flm'd Siild be 
actor. Feed solutions could be introduced inm 125 



rd^^Hhre 
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the system thrd^^Hhrec separate T-tubes in 
the external line^^ 

The feed solutions consisted of (a) 5 liters 
of copper nitrate containing 15 moles of cop- 
5 per, (b) 5 . liters of aqueous ammonia contain- 
ing 22.5 moles of NH,, and (c) 3.6 grams of 
coUoidal siHca sol (30 ?i SiO;:, SiO:::NaiO 
90, silica pardcles 17 mu, spherical and dis- 
crete) diluted to 5 liters. These feed sohi- 
10 tions were introduced into the reactor (con- 
taining 25 liters of water\ simultaneously but 
separately, at a rate of 275 ml./min. for 
each solution. The final pH of the final shury 
was 5.8. 

15 The precipitate of Cu(N03>,3 Cu(OH>j on 
the silica panicles was recovered by filtra- 
tion and washing. The product was dried at 
250° C, whereupon a CuO-SiOj product was 
formed. This product was reduced at 4(K)' 

20 C. in a slow stream of hydrogen in a period 
of 5 hours, over 95% of lie oxygen of the 
CuO being removed. The reduction was con- 
tinued for three hours at 600"* C. The final 
product was compacted in a press at 20 

25 tons/sq. inch into a 1" billet which was 
finally forged and cold roUed to 1/16" thick- 
ness. At this stage, the mass had reached 99% 
of theoretical density — ^that is, the apparent 
density was 99% of the absolute density. 

30 HXAMFLE 21 

The reactor used to prepare the precipitate 
of copper hydrous oxide on the colloidal oxide 
filler consisted of a stainless steel tank with 
a conical bottom. The bottom of Ae tank was 

35 attached to stainless steel piping, to which 
were attached three inlet pipes mrough Ts. 
TTiis circulating Une was connected to a CMi- 
trifugal pump of 20 gpm capacity. From the 
pump the line returned to the tank. 

40 Initially, the tank was charged with 5 gals, 
of water. Equal volumes of three solutions 
containing the desired quantides of reagents 
were then added into the middle of the flow- 
ing steam through 1/8" diameter tubbg 

45 attached to the T tubes. These solutions v/ere 
. added at uniform equivalent rates over a 
period of about one-half hour. Through the 
first T was added a solution of copper nitrate; 
through the second, aqueous ammonia» through 

50 the thirds the colloidal oxide (zirconia) filler. 
Two gallons of each reagent was used, includ- 
ing a 3-molar copper nitrate solution, a 4.6 
N ammonia solution, and a zirconia aquasol 
stabilized with nitrate, containing 14 g. of 

55 ZrO.. The zirconia sol contained anhydrous, 
colloidal particles in the size range from 10 
to 100 millimicrons, with the average particle 
diameter being about 65 millimicrons. 

The solutions were added into the reactor 

60 simultaneously while the pump was in opera- 
tion. The rate of addition was controlled 
uniformly by flow meters. The pH of the 
solution in the tank was taken at frequent 
time intei*vals to insure proper operating. The 
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final pH was 6.5. TH^^H&ry was circulated 65 
for a few minutes after the addition of the 
reagents had been completed, and then the 
solution was pumped into a filter. Approxi- 
mately 95% of the copper was recovered as 
hydrosdde precipitate. The precipitate was fil- 70 
tered, washed with water, and dried at a tem- 
perature of about 200* C. for 72 hours. 

The product was then placed in an oven 
at a temperature of about 100*" C, and a 
mixture of argon and hydrogen v/as slowly 75 
passed over the dried powder. This gas stream 
had been carefully free of oxygen, and had 
been dried. The temperature in the furnace 
was slowly raised over a period of an hour. 
The flow of hydrogen was then gradually in- 80 
creased^ and the temperature in the furnace 
was raised until a temperature of 500** C. 
was reached, whereupon a large excess of 
hydrogen was passed over the sample in order 
to complete the reduction. Finally, the tern- 85 
peratiire v/as raised to 600** C. while con- 
tinuing to pass hydrogen over the sample. 
In this way, a finely divided copper powder 
containing 2.5 volmne percent zirconia was 
produced. 90 

The copper powder was cold-pressed to 
80% of theoretical density^ using a pressure 
of 40 tons per square inch. It was then sin- 
tered at 900** C. in vacuum to 91% of theo- 
retical density and finally hot rolled at 800** 95 
C to a reduction in thickness of 1/2. After 
annealing at 400" C the Rockwell E hard- 
ness was $7, the ultimate tensile strength was 
45,000 psi and the elongation was 25%, 
whereas a copper^ metal control containing 100 
no filter dropped in hardness from about 98 
to less than 40. 

Metallurgical examination of the ZrQj-filled 
copper revealed a fine grain structure, and 
pictures at 750 magnification gave no evi- 105 
dence of the filler, lowing that the zirconia 
was present in the copper as a uniform dis- 
persion in a very finety divided Stan. 

Example 22 

This example illustrates the preparation of 110 
a dispersion of zirconia particles in nickel 
meial by a process of grov/ing the said par- 
ticles in situ. 

A solution of nickel nitrate was prepared by 
dissolving 4362 grams of nickel nitrate 115 
hydrate, NirN0.),.6H,0, in water and dilut- 
ing this to 5 liters. A zirconium oxychloride 
solution was prepared by dissolving 200 grams 
of zirconyl chloride, ZrOa..8HcO, in water 
and dilutmg to 5 liters. To a heel consisting of 120 
5 liters of water, at room temperature, these 
two solutions were added simultaneously but 
separately, at equal rates, while simultaneously 
there was added an ammonium hydroxide- 
ammonium carbonate solution in stoichio- 125 
metric amounts required for coprecipitation. 
During the precipitation the pH in the re- 
actor was maintained in the range between 



I5t IP^ ^ cpprecipitate of nickel 

hy^de carbonate and zirCTnium hydrous 
aside was prepared, in which the ultimate zir- 
^wJ^V..^^^ smaUer than 5 

nitrate. The filter calw was then dried in an 
« 125" C. At this stage of pr^^ 
^ ZHConia partides were about 3 ma in 




10 

Tlie product so obtained was puJveriz-d 
wuh a hammer miU to pass 325 meLh:^d 

ture of 800 C. until the si2K of the ultm-.te 

P^'^^ grown toXS 
otr rhk ^y'^^S™ ^'^s then slowly passed 
over the powder at 500" C. at sudi a raa 
that sufficient hydrogen was added to die 

20 n?^""'^^.'^'*^°^''^««"netaIinIpS 
20 of 4 hours. This rate of flow of hydrosi™ 

the flow of hydrogen increased until findlv a 
temperature of 750° C. was reaSfSe 

OTCr tiifi product in order to complete ^ 

Sf^^ f i""" "^"^^ inch, the SSs 
sintered m dry hydrogen slowly while fe! 
areasi^ the temperati^ to 1000» c7 wd 
thereafter the mat^^-oi ™ Xi^ 
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a 1/4-incfa rod. 

rcPrJ^^"^ metal 
rod containing zirconia unifonnlv disc««-^ 
A^ern. This rod had improvS^ S-"^? 

^St^^^^^ in yield and stress- 

_ . Example 23 

This ^ample illustrates the production of 
a dispersion of a reftactory cndd^ aluS S 
i«m by a thermal fusion process 

One hundred parts oy volume of FeO 
wore intimately mixed, in a ribbon blende 
with 10 parts by volume of anhydrous Aio' 
prepared by the thermal dehSS^ of a£ 
mma tnhydrate. The oxide w^ 

A ^ ^1?*^ ^^'^ ^-^y examination of 
°r>/c^- '° This mixture was ground 

matenal, which was then placed in a furnace 



"""^ Of Iivdrogen was 

mamamed for a period of sis hourl, w^S 

fiO^'^P'S' J^.^P^ t'^^en 400 anl 
V 2itcr which the temperature was 

.r ^ ^ Po^nt for three hours 

Th» J?** ^h'^ •ninutes. 

fin J^ir**"^ P°^d«' confining a wry 
fine dispersion of alumina in metallic iro7 
^ Aen cooled under a current of hydrS 
to 70 F so that it could be removed frim 
SeiZi^ '^Ser of reoxfdaSon 

^ow^^ a surface area of 0.2 square 

or^nn^"'"^' *° prepare an alloy 

" chromium and 

dl« o,^^ <^0''"Pressing the mixed pow° 
tfJi^ pressure of 20 tons per square in\ 

«^ to chromium to nickel Js fz pTl^^t 
^I'J ^f^^ chromium, and 10 cSJ 
SSe'per^e^t^'^^ approxii^a^r/ 

those of coL^J^^S^JJ^^^_^^-r 
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20 tons per square inch, and siDttrin<r It I 
temperature of 1100= for a ■ 
hours. After again pres^'dfe^^etVa 
pressure of 20 tons per sq,iSe indi and a ^ 
perature of 600' C. foUo^ved byTSnd^" 
tenng oparation for four hours at llOo" C I 

steel of Suhstanr,-!.!!,, f,— _ JTS^ ^, * 



no 



115 



equipped wiA a bJd^'^^Zrl T^"^ 'f^^ /P^^^°" foiJr h^^^^ mo" C : 
feen gas coulJbe1^c^^|°fS Sfig^fS?^ ^Vjifcen^of 



oxide powder. 

fiO rJ^^^' ^.^™rrem of nitrogen was passed 
60 over the oxides until the t^erature had 
attam«I 450» C The flow of ^itrS 
then slowly oit back and a flow of bydro-!^ 
T78S increased, until, after four hours, the 
furnace atmo^here consbtsd csamtialiy of 



much If.T"-r 7^1 "oiamea, wijich showed 
muoi lover creep at elevated temperatures 
than a comparable steel sample whfch dW 
not contam the dispersed alumfc^. 

ESAMPLE 24 

usiS'iS^^^^'.-^rP^ 23 was repeated, 
using the Fe,0„ m place of the alumina, l 
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per cent and lO^WT cent by volume mixnires 
of the following oxides : thoriaj zirconia, mag- 
nesium oxide, calcium oxide, cerium oxide, 
and litania. The procedures of fusion, reduc- 
tion, and fabrication into dense metal or metal 
allo3' specimens cf these oxide dispersions in 
iron v/as substantially identical widi ^ose 
shown in Example 23. Examination of the 
dense metal specimens obtained, by electron 
micrograph replica techniques, showed that 
dispersions had be3n formed containing par- 
ticles in the size range of 10 millimicrons to 
1 micron> widi the particle size in a particular 
instance depending primarily upon the oxide 
selected and the temperature exposure condi- 
tions during the processing. In general, those 
chides having the higher free energy of forma- 
tion per oxygen atom formed the smallest 
parades. It was also generally true that the 
lower the temperature of the initial reduction 
of the fused oxide mixture, and the lower the 
temperatures used m subsequent fabrication 
procedures, the smaller was the size of tlie 
oxide particles. By controlling the tempera- 
ture during reduction and in later fabrication 
steps, even the oxides having relatively low 
free energies of formation, such as titania, 
could be obtained in relatively small particle 
sizes. In all instances, dense metal objects and 
metal alloy objects prepared from such o:dde- 
containing iron powders showed substantial 
improvements in mechanical properties over 
those of comparable metal objects or alloys 
similarly prepared and processed, but con- 
taining no oxide. 

Example 25 
The processes of Examples 23 and 24 
were repeated, except that nickel oxide and 
magnesium oxide were used as the starting 
materials. The reduaion operation was per- 
formed in substantially the same manner, 
except that the final top temperature used was 
600° C, and the last thirr^-minute heating 
stage described in the reduction procedure of 
Example 1 was not employed. The nickel, con- 
taining niasnesium oxide particles in the size 
range of 100 millimicrons, attained after com- 
pletion of this reduction cj/cle, was allowed by 
powder metallurgy with copper metal in a 
ratio of thirty parts of nickel to 70 parts of 
copper. The resulting modified cupronickel 
alloy containing die dispersed oxide was found 
to have mucli better high-temperature strength 
(yield strength and ultimate tensile strength) 
and better stress-rupture properties than a 
comparable nickel-copper alloy which did not 
contain the dispersed oxide particles. 

WHAT WE CLAIM IS: — 

1. A composidon comprising a metallic 
component which is iron, cobalt> nickel, cop- 
per, molybdenum, tungsten or rheniiim, or an 
alloy of tv/o or more of these metals or of one 
or more of these metals with one or Tnore 
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other metals having an oxide which is stable 
up to 300"* C and has a free energy of form- 65 
aticn at 27** C of from 30 to 70 kcal. i»er 
gram atom of oxygen, the metallic component 
having uniformly dispersed therein particles, 
having^ an average dimension of 5 to 1000 
millimicrons, of a refractory metal oxide hav- 70 
ing a free energy of formation at 1000° 
C above 60 Idlocalories per gram atom of oxy- 
gen and having a melting point above 1000** 
C, the composition having a surface area less 
than 10 square meters per gram and the 75 
average size of the grains of the metal being 
less th^n 10 microns. 

2. A composidon according to claim 1, 
in which the particulate refractory metal oxide 

has a free energy of formation at 1000** C 80 
above 110 kilocalories per gram atom of oxy- 
gen. 

3. A composition according to claim 1 or 
2 in powder form, in which the volume load- 
ing of refractory oxide is from 0.05 to 30% 85 
and the oxygen content, exclusive of the 
o:.7gen in the filler, is in die range from 

0 to 2^;. by weight 

4. A solid metal composition according to 
claim 1 or 2 in which the apparent density 90 
is from 99 to 100% of the absolute density. 

5. A composition according to any of 
claims 1 to 4, in which the metallic compo- 
nent is an alloy having, as its major metal 
component, one of the following metals, iron, 95 
cobalt, nickel, copper, molybdenum, tung- 
sten and rhenium. 

6. A composition according to any of claims 

1 to 5, in which die refractory metal oxide 
particles have an average size in the range of 100 
from 10 to 250 millimicrons. 

7. A process for producing a metalliferous 
composition which comprises (a) bringing an 
oxygen-containing compound of iron, cobalt, 
nid^d, copper, molybdenum, tungsten or rhe- 105 
nium, or a mixture of oxygen-containing com- 
pounds of two or more of these metals or 

of one or more of these metals with one or 
more other metals having an oxide wliich has 
a free energy of formation of 27** C of from 110 
30 to 70 kilocalories per gram atom of oxygen, 
into intimate contact with substantially dis- 
crete, submiaron sized particles of a metal- 
oxj^gen compound which is, or when heated 
to constant weight at 1500** C is converted to, 115 
a refractory oxide having a melting point 
above 1000"* C, a free energy of formation 
at 1000** C above 60 kilogram calories per 
atom of oxygen, and an average partide size 
of from 5 to 100 millimicrons, (b) thereafter 120 
reducing die oxygen-containing compoimd of 
the metal to the corresponding metal while 
maintaining a temperamre throughout the 
mass below the sintering temperature of the 
metal, and (c) sintering the reduced product, 125 
at a temperature below the melting point of 
the metal, xintil its surface area is less than 
10 mVg. 
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8. A process according to claim 7 in which 
Uie oxygen-containing compound of die metal 
K preapiiatsd as a coating around the dis- 
Crete, pre-formed filler panicles and the mix- 

o ^ o^tamed is dried and reduced. 
• \- . P^'^'^ according to claim 7 or 8 
in which the reduction of the osygen-coatain- 
ing compound of the metal is accompKshed 
10 i° contaa with 

i ^ ^ hydrogen at a temperature 

abm-e 500' C until the oxygen cont^ of Ae 

10. A process according to claim 7 which 
includes the steps of mi:tk.g snbs^y S 
stantaneously, fa) an aqueous solution of a 
compound of molybdenum, tungsten or rhe- 
l^J""^ compound in' aqu^ sd5Si 
f^f ^^ P^S'^'^^y nsgan\^y charged 
Ods. fb) an aqueous solution of a compoSid 
v^hich m aqueous solution forms an ion with 
charge opposite to that of the ion of fa) con- 
taming molybdenum, tungsten or rhaiium, 
said ion of opposite char^ being a 
gen, hydrosyl, carbonate, bicarbonate, o^te, 

30 of^^f'^m'"°?r^- ''''''"Se size in the range 
M of 5 to 600 milhmicrons, of an oxygen com- 
pound of a metal, said oxjgea ^pS, 
when heated to constant wddit at 150(r 
bemg a refraaory metal oxide havii» a 
meitffig pomt above 1000° C and a free 
35 raeigy of fonnatioa of from 60 to 150 hJlo- 
gram calories per gram atom of ox>-gen, the 
dispersion and solutions being brouW to- 
gether at such rates that in tlie resultant mir- 
40 metal from 

4U (a) does not substantiafly increase and in each 
ame mttryal which is at least 5 per Snfof 

^L ^Tr- "^^^^ ^tio of 

metal added m (a) to particles added in fc-) 
45 ,s from 0.2 to 5 times 4e final wei^t ratio 

rnmt:^ f <mn Of a hydrous, oxygen-containing 
compound coating surrounding the particle! 
<!n ?■ 1- *^^^S said predpitate-snrrounded par- 
th»f -3 * «?ffi«=5««ly elected temperate 
that said precipitate is dehydrated and metal- 
oxygen compounds, other than oxides, in the 
surromjded particles are converted to thi 
55 2^°?<^S o^ddcs. and thereafter redudn^ 
55 d« preapitate coating to metal by briS 
It mto contact with hydrogen, cariwn mm! 
oxide, or a hydrocarbon gas. 

11. A procBs according to anv of claims 7 
fin r? ' refractorv oxide is im-tiallv 

P^e^t " tbe form of a coHoidal aquasol ^ 

12. A process according to any of claims 



7 to 11 in wliicfa die discrete refractory oxide 
particles are formed in situ in the des-red 
srze range by the steps of (1) copredpitating 
Ca> a water-insoluble compound of the metaf 65 
said compound being an axygen- or sulphur- 
containing compound and (b) d refranorv " 

Li « C greater than 60 kUocalories per 

° * ^ o^gen m die oxide, the ultim^e 70 
panicles of the refractory oxide havin- a 
Jaze less than 5 miUimicrons, (2) roasttag'the 
oopreapitate in an oxj-gen-corltaining atifst 
^ ^^^^r "^^^ " lOOa^ C wherebyX 
^-insoluble compound of the metal is^co^- - 75 
rf« * v*^. f'^ydwus metal oxide and the 
B mcrc^ed, (3^ continuing the heating in 

^''^ size of said 

?^^^n^P'^M^'^''•'' ^ ^^•'g* of from 80 

"^,"^?i^roas, (4) thereafter redudng 
SMd metal o:ade to the correspondini; metd 
md (5) smiermg the reduced product until 
*er '"^ '''' ^'I""' '""^'s 

7 ti^n^-P"^^'? according to any of claims 
7 to 11, m which the discrete refractory ovide 
pamcles are formed in situ by ^^^S 
(1) fusing (a) an oxypn-contai4g co^ind 
oi the metal and (bj an oxypOT-contMnin" on 
compound of another metal, s/fd oS S 

So^ltToo^'cl? ^ f"^°«gy of fo?S 

? F^^*^ *an 60 Jdlocalories 

ture at whidi non-cxide constituents ar^^ 
composed to oxides, G) quendiing^^^d 
mdt to obtain a sohd-st^te taass'confpS 
combined oxides of the metal to be Lm 
poved and the otiier metal, (4) fiy divW-' 100 

Ae mass, and (5, redudng te mml the 
^de of the metal to be improved, at a 

metal whereby a dispersion, in said metal, of 
pamcles of a refractory oxide of the otiier 105 
metal ,s obtamed, said reduction being "n- 
cmued until tiie oxygen conte.^t of the pfoduct 
exclusive of o.-rygen chemicaliv combined in 
.aid rrfracton- o.xide panides, is in tiie mnS 

7 to 13 ii'wh^ according to any of claims 
/ to 13 m which tile metal is copper and the 

7 1 A P''^?^? according to any of claims 115 
L^JtV" "^^"^ product is com. 

paaed to a mass of metal having an appa^t 

, 1(5. The meralliferous compositions accnM ion 
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17. A process for producing a metalliferous 
composition substantially as herein described 
with, reference to any of the Examples. 



A. A, THORNTON & CO., 
Chartered Patent Agents, 
Northumberland House, 
303—306, High Holbom, 
London, W.C.I., 
For the Applicants. 
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